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(54) HOT ROLLED WIRE OR STEEL BAR FOR MACHINE STRUCTURAL USE CAPABLE OF 
DISPENSING WITH ANNEALING, AND METHOD FOR PRODUCING THE SAME 



(57) Steel wire rods and bars for machine structural 
use having, in the as-hot-rolled state, the same cold 
workability as conventional steel wire rods and bars sub- 
jected to softening annealing after hot rolling, and a pro- 
duction method thereof are provided. The hot-rolled wire 
rods and bars usable for machine structural use without 
annealing comprise, in temns of mass%, C: 0.1 to 0.5%, 
Si: 0.01 to 0.5%, iVIn: 0.3 to 1 .5% and the balance of Fe 
and unavoidable impurities and if desired, comprise 
strengthening elements, wherein the microstructure of 
steel is composed of ferrite and pearilte, the ferrite grain 
size Is No. 11 or more as defined in JIS G 0552, a gran- 
ular cartjide having an equivalent-circle diameter of 2 
\im or less and an aspect ratio of 3 or less is contained 
in an area ratio of 5 to 40%, and the steel wire rods and 
bars have a tensile strength TS (IVlPa) g 573 x Ceq + 
257 and a reduction of area RA (%) a -23 x Ceq + 75 
(wherein Ceq = C -i- Si/7 4- l^n/5 + Cr/9 + Mo/2). 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention reiates to hot-roiled steel wire rods and bars for machine structural use and a method 
for producing the same. IVIore specifically, the present invention reiates to soft steel wire rods and bars capable of 
achieving, in the as-hot-rolled state, mechanical properties such as strength and defonnation ability which are usually 
attained by hot rolling and subsequent softening annealing considered as an essential treatment in the secondary 
wor1<ing step in the production of automobile parts, construction parts and the like, and also relates to a method for 

10 producing the same. 

BACKGROUND ART 

[0002] Conventionally, automobile parts, construction machine parts and the like are produced from hot-rolled steel 
15 wire rods and bars through softening annealing to ensure cold workability, forming by cold working such as drawing 
and cold forging, and hardening and tempering. In the softening annealing step, for example. In the case of producing 
a bolt, as a machine part, from a hot-rolled wire, low-temperature annealing at about eso-C for 2 hours is applied for 
stud bolt, and the like, with a small cold working amount, normal annealing at about 700°C for 3 hours is applied for 
hexagon bolt and the like, and spheroidizing annealing at about 720°C for 20 hours is applied for bolt with flange, and 
20 the like, with a large cold working amount, thereby ensuring cold workability. These softening annealing steps take a 
long time and moreover, the cost for annealing occupies a large portion of the cost for production of machine parts 
and the like due to a recent rise in energy price. Therefore, from the standpoint of improving the productivity and saving 
energy, various techniques have been proposed to avoid the softening annealing before the cold working. For example, 
there have been proposed a production method for a low alloy steel having excellent cold workability in Japanese 
25 Unexamined Patent Publication No. 57-73123, a direct softening method of steel wire rods and bars for structural use 
in Japanese Unexamined Patent Publication No. 58-58235, a production method of a directly softened wire and rod 
in Japanese unexamined Patent Publication No. 2-185920, and a production method of a machine structure steel 
suitable for cold working in Japanese Unexamined Patent Publication No. 8-209236. 

[0003] However, the as-hot-rolled steel wire rods and bars obtained by these production methods are insufficient in 
30 the cold workability as compared with conventional steel wire rods and bars subjected to softening annealing. At 
present, soft steel wire rods and bars for machine structural use, which can be satisfactorily used in practice in the as- 
hot-rolled state, have not been attained. 

[0004] The present inventors have studied these problems and have proposed a steel softened comparably with an 
' annealed steel In Japanese Patent Application No. 11-146625. However, a steel capable of providing cold workability 
^ greater than conventional softened and annealed steels, even in the case of a large working degree, Is still required. 

DISCLOSURE OF THE INVENTION 

[0005] Under these circumstances, the object of the present invention is to provide steel wire rods and bars, for 
40 machine structural use, having, in the as-hot-rolled state, the same cold workability as conventional hot-rolled wire 
rods and bars subjected to softening annealing. 

[0006] The present inventors have taken notice of the structure and reduction of area (defomnation ability) of the 
steel wire rods and bars obtained after the softening annealing and made studies to obtain the same structure and 
reduction of area (deformation ability) as those attainable by thesoftening annealing and thereby ensure cold workability 

45 in the as-hot-rolled state. 

[0007] Fig. 1 is a microphotograph (at a magnification of 4,000) of a hot-rolled CH45K steel wire subjected to a nonnal 
softening treatment (700°Cx3 hr). As shown in Fig. 1 , the microstmcture of the steel is composed of femte 1 and 
lamellar pearllte, where some of the platy cementite in the lamellar pearlite is split to form a carbide 2. The softening 
of a steel is attributable to the partial ratio of a predetermined amount of ferrite in the steel stmcture and the split 

50 cementite in the lamellar pearlite, and this ensures the cold workability of steel wire. 

[0008] The present inventors have found that when steel wire rods and bars having a predetemnined steel compo- 
sition are rough-hot-rolled at a temperature of 850 to 1 ,000°C, finish-rolled at a temperature of 700 to 1 ,000°C, cooled 
to a temperature of 550 to 650°C at a cooling rate of O.rc/sec or more, immediately kept at a furnace atmosphere 
temperature of 650 to 720°G for 15 to 90 minutes and then allowed to cool, the obtained steel wire rods and bars can 

55 have a novel steel structure where, as shown in the microphotograph of Fig. 2(a) and the schematic view of micro- 
photograph of Fig. 2(b), the ferrite partial ratio of ferrite 1 in the stnjcture is high, the lamellar Is split and some of the 
cementite in the lamellar pearlite 3 is spheroidized as seen from the spheroidized granular carbide 4 and the granular 
carbide 5 precipitated in the grain boundary and also found that these as-hol-rolied steel wire rods and bars have a 
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high rediiction of area and therefore, can surely have cold workability. The present invention has been accomplished 
based on these finding. 

[0009] The gist of the present invention is in the followings. 

(1) Hot-rolled steel wire rods and bars usable for machine structural use without annealing, comprising in ternis 
of mass%, 

C: 0.1 to 0.5%, 
Si; 0.01 to 0.5%, 
Mn: 0.3 to 1 .5% 

and the balance of Fe and unavoidable impurities, wherein the microstructure of steel is composed of ferrlte and 
pearlite, the ferrite grain size is No. 11 or more as defined in JIS G 0552, a granular carbide having an equivalent- 
circle diameter of 2 (im or less and an aspect ratio of 3 or less is contained in an area ratio of 5 to 40%, and the 
steel has a tensile strength TS (MPa) s 573 x Ceq + 257 and a reduction of area RA (%) g -23 x Ceq + 75 
(wherein Ceq = C + Si/7 + Mn/5 + Cr/9 + Mo/2). 

(2) The hot-rolled steel wire rods and bars for machine structural use as described in (1) above, which further 
comprises one or more of, in terms of mass%, 

■ Cr: 0.2 to 2.0%, 
Mo: 0.1 to 1 .0%, 
Ni: 0.3 to 1.5%, 
Cu: 1 .0% or less, and 
B: 0.005% or less. 

(3) The hot-rolled steel wire rods and bars for machine stmctural use as described in (1 ) or (2) above, which further 
comprises one or more of, in terms of mass%, 

Ti: 0.005 to 0.04%, 
Nb: 0.005 to 0.1%, and 
V: 0.03 to 0.3%. 

(4) A method for producing hot-rolled steel wire rods and bars usable for machine structural use without annealing, 
comprising rough-hot-rolling a steel having steel components described In any one of (1) to (3) above at a tem- 
perature of 850 to 1 ,000°C, finish-hot-rolling the rough-hot-rolled steel at a temperature of 700 to 1 ,000°C, cooling 
the finish-hot-rolled steel to a temperature of 550 to 650°C at a cooling rate of 0. 1 °C/sec or more, holding the steel 
at a furnace atmosphere temperature of 650 to 720°C for 15 to 90 minutes, and then allowing it to cool. 

(5) Hot-rolled steel wire rods and bars for machine structural use, having a microstructure composed of ferrite and 
pearlite, containing a granular carbide having an equivalent-circle diameter of 2 jim or less and an aspect ratio of 
3 or less in an area ratio of 5 to 40%, and having a tensile strength and a reduction of area specified by the following 
formula6(1) and (2), respectively, the ferrite having a grain size of No. 11 or more as defined in JIS G 0552: 

TS s 573 X Ceq + 257 (1) 
RA e -23 X Ceq + 75 (2) 



Ceq = C + Si/7 + Mn/5 + Cr/9 + Mo/2 (mass%) 
TS: tensile strength (Mpa) 
RA: reduction of area (%). 

(6) A method for producing hot-rolled steel wire rods and bars usable for machine structural use without annealing, 
comprising rough-hot-rolling a steel having steel components described in any one of (1) to (3) above at a tem- 
perature of 700 to 1 ,200''C, finish-hot-rolling the rough-hot-rolled steel at a temperature of 700 to 1 .OOO-C, cooling 
the finish-hot-rolled steel to a temperature of 200 to 650°C at a cooling rate of 0. 1 "C/sec or more, then immediately 
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holding the steel at a furnace atmosphere temperature of 600 to BSCC for 15 to 240 minutes, and then allowing 
it to cool. 

(7) A method for producing hot-rolled steel wire rods and bars for machine structural use, comprising rough-hot- 
rolling a steel at a temperature of 700 to 1,200°C, finish-hot-rolling the rough-hot-rolled steel at a temperature of 

5 700 to 1 ,000°C, cooling the finish-hot-rolled steel to a temperature of 200 to 650°C at a cooling rate of 0.1 °C/sec 

or more, then immediately holding the steel at a furnace atmosphere temperature of 600 to 850°C for 15 to 240 
minutes, and then allowing it to cool. 

(8) A method for producing hot-rolled steel wire rods and bars for machine structural use, comprising rough-hot- 
rolling a steel at a temperature of 850 to 1 ,000°C, finish-hot-rolling the rough-hot-rolled steel at a temperature of 

10 700 to 1 ,000°C, cooling the finish-hot-rolled steel to a temperature of 550 to 650°C at a cooling rate of 0.1 "C/sec 

or more, then immediately holding the steel at a furnace atmosphere temperature of 650 to 720''C for 15 to 90 
minutes, and then allowing it to cool. 

(9) Hot-rolled steel wire rods and bars for machine structural use, having a tensile strength and a reduction of area 
specified by the following fomnulae (1 ) and (2), respectively: 

TS s 573 X Ceq + 257 (1) 



20 RA e -23 X Ceq + 75 (2) 

■ wherein 

Ceq = C + Si/7 + Mn/5 + Cr/9 + Mo/2 (mass%) 
25 TS: tensile strength (Mpa) 

RA: reduction of area (%), 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 [0010] Fig. 1 Is a microphotograph (x4,000) showing the structure of a steel obtained by subjecting a hot-rolled 
CH45K steel wire to normal annealing (700''CX3 hr). 

[0011] Fig. 2(a) is a microphotograph (x4,000) showing the structure of an as-hot-rolled steel wire of the present 
invention. 

[001 2] Fig. 3 is a view showing a comparison of the strengths of a conventional as-hot-rolled steel wire, a steel wire 
35 after normal annealing, and an as-hot-rolled steel wire of the present Invention. 

[0013] Fig. 4 is a view showing a comparison of the reduction of area of a conventional as-hot-rolled steel wire, a 
steel wire after normal annealing, and an as-hot-rolled steel wire of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

40 

[0014] The present Invention is described In detail below. 

[001 5] Conventional hot-rolled steel wire rods and bars have a steel structure composed of f errite and lamellar pearlite 
and has a high strength, therefore, the as-hot-rolled steel can hardly be cold-worked. For this reason, the steel Is 
subjected to softening annealing before cold working and, after the cold working, is heat-treated for hardening and 

45 tempering to obtain a fonned part having a predetennined strength. 

[0016] In the present invention, steel wire rods and bars having, in the as-hot-rolled state, a strength and a reduction 
of area equal to or greater than those of a steel subjected to softening annealing is obtained, whereby the as-hot-rolled 
steel can be cold-worked. In particular, the present invention proposes hot-rolled steel wire rods and bars for machine 
structural use, having excellent deformation ability with a reduction of area RA (%) g -23 x Ceq + 75 (wherein Ceq = 

50 C -I- Si/7 + Mn/5 + Cr/9 + Mo/2). 

[0017] Fig. 3 is a view showing a comparison in the strengths of a conventional as-hot-rolled steel wire, a steel wire 
after nomnal annealing, and an as-hot-rolled steel wire of the present invention. In the Figure, (1 ) shows the strength 
of a conventional as-hot-rolled steel wire, (2) shows the strength of a steel wire subjected to nomial annealing after 
hot rolling and (3) shows the strength of an as-hot-rolled steel wire of the present invention. 

55 [0018] As shown in Fig. 3, in any of steel wires having different C amounts (0.25 to 0.45%), the as-hot-rolled steel 
wire (3) of the present invention is reduced in the strength by 60 to 100 MPa compared to the conventional as-hot- 
rolled steel wire (1) and this reveals that considerable softening is achieved. It was confinned .that the strength of (3) 
of the present Invention is almost equal to the strength of steel wire rods and bars obtained after normal annealing or 
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the steel wire rods and bars of the present invention is rather softened. Fig. 4 is a view showing the comparison in the 
reduction of area among 

(2) a steel wire after nomial annealing and (3) an as-hot-rolled steel wire of the present invention. It is seen that 
the as-hot-rolled steel wire (3) of the present invention, is more softened and more improved in the reduction of area 

5 than the steel wire (2) subjected to normal annealing after hot rolling. According to conventional techniques, the steel 
may be broken during cold forging under severe conditions of working. However, the as-hot-rolled steel wire (3) of the 
present invention is confirmed not to undergo breakage even at a compressibility of 80% or more (at a compressibility 
exceeding 80%, the die of the measuring apparatus may be damaged and the test cannot be performed). 
[0019] The granular carbide necessary for achieving the softening is a granular carbide having an equivalent-circle 

10 diameter of 2 nm or less and an aspect ratio of 3 or less. This granular carbide is clearly distinguished from the carbide 
generated due to split of a platy carbide on annealing. In order to have high deformation ability to prevent breakage 
even at a compressibility of 80 % the reduction of area must be RA (%) a -23 x Ceq + 75 (wherein Ceq = C + Si/7 + 
Mn/5 + Cr/9 + Mo/2). 

[0020] In order to achieve softening equal to that of an annealed steel wire, the fen-ite grains present in the micro- 
's structure must be made fine and have a grain size of No. 11 or more as defined in JIS G 0552. if the ferrite grain size 
is less than No. 11, the granulation of cementite present in the pearlite insufficiently proceeds and desired softening 
cannot be achieved. Furthermore, to achieve the softening, the amount of a granular carbide must be present from 5 
to 40 % in tenns of area ratio and is preferably 1 0% or more. 

[0021] The as-hot-rolled blank is used for obtaining a formed part by cold forging using a metal mold and therefore, 
20 when the blank is decreased in the strength (softened) by 1 00 M Pa, the life of metal mold is prolonged by 4 to 5 times. 
Accordingly, in order to greatly improve the life of metal mold, the as-hot-rolled steel wire rods and bars of the present 
invention satisfy the relationship of tensile strength; TS (MPa) S 573 x Ceq + 257 (wherein Ceq = C + Si/7 + Mn/5 + 
Cr/9 + Mo/2). If this relationship is not satisfied, the deformation ability cannot be ensured and the softening annealing 
is difficult to eliminate. 

25 [0022] The reasons why the components of the objective steel are limited in the present invention are described 
below. 

[0023] 0 is an element necessary for increasing the strength of parts for machine structural use. If the C content is 
less than 0.1%, the final product is deficient in the strength, whereas if it exceeds 0.5%, the final product is rather 
deteriorated in the toughness. Therefore, the C content is specified to 0.1 to 0.5%. 

30 [0024] Si is added as a deoxidizing element for increasing the strength of final product by the hardening of a solid 
solution, If the Si content is less than 0.01 %, insufficient hardening results, whereas if It exceeds 0.5%, the hardening 
is saturated and the toughness is rather deteriorated. Therefore, the Si content is specified to 0.01 to 0.5%. For the 
deoxidizatlon of steel, deoxidlzation by Al is employed In addition to the deoxidlzatlon by SI. Particularly, for lovyerlng 
the oxygen content, strong Al deoxidizatlon is preferred. In this case, 0.2% or less of Al sometimes remains in the steel, 

35 however, such residual Al is allowable in the present invention. 

[0025] Mn is an element effective for increasing the strength of a final product through the Improvement of hardening 
property. If the Mn content is less than 0.3%, the effect is insufficient, whereas if it exceeds 1 .5%, the effect is saturated 
and the toughness is rather deteriorated. Therefore, the Mn content is specified to 0.3 to 1 .5%. 
[0026] S is a component unavoidably contained in the steel. In the steel, S is present as MnS and contributes to the 

to improvement of machinabilily and fonnation of a fine structure and therefore, 0.1% or less of S is allowable in the 
present Invention. However, S is a harmful element for cold fonnation and if machinability is not required, the S content 
is preferably reduced to 0.035% or less. . 

[0027] P is also a component unavoidably contained in the steel, however, P brings about intergranular segregation 
giving rise to the deterioration of toughness and therefore, is preferably reduced to 0.035% or less. 

ts [0028] These are fundamental components of the objective steel of the present invention, however, in the present 
invention, the steel may further contain one or more of Cr, Mo, Ni, Cu and B. These elements are added so as to 
increase the strength of a final product by enhancing the hardening property or the like. However, addition of these 
elements in a large amount disadvantageously incurs the fonnation of a bainite or martensite structure in the as-hot- 
rolled steel to increase the hardness and, in view of profitability, this is not prefen-ed. Therefore, their contents are 

50 specified to Cr: 0.2 to 2.0%, No: 0.1 to 1 .0%, Ni: 0.3 to 1 .5%, Cu: 1 .0% or less and B: 0.005% or less. 

[0029] Furthermore, in the present invention, one or more of Ti, Nb and V can be contained for the purpose of 
adjusting the grain size. However, if the Ti content is less than 0.005%, the Nb content is less than 0.005% and the V 
content is less than 0.03%, a remarkable effect cannot be obtained, whereas if the Ti content exceeds 0.04%, the Nb 
content exceeds 0.1 % and the V content exceeds 0.3%, the effect is saturated and the toughness is rather deteriorated. 

55 Therefore, their contents are specified to Ti; 0.005 to 0.04%, Nb: 0.005 to 0.1% and V: 0.03 to 0.3%. 

[0030] The method for producing a steel wire and rod for machine structural use of the present invention is described 
below. 

[0031] In the present invention, a steel described in any one of claims 1 to 3 is hot-rolled to refine the austenite 
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grains, then cooled to complete the ferrlte-pearllte transformation and subsequently reheated to obtain steel wire rods 
and bars having a novel steel structure. Thus obtained steel wire rods and bars are, in the as-hot-rolled state, softened 
and have a high reduction of area, therefore, this can serve as steel wire rods and bars for machine stmctural use 
having good cold workability. 

5 [0032] In the present invention, steel wire rods and bars are rough-hot-rolled at a temperature of 850 to 1 ,000°C, 
finish-rolled at a temperature of 700 to 1 ,000">C, cooled to a temperature of 550 to eSCC at a cooling rate of 0.1 "/see 
or more to complete the ferrite-peartlte transfomnation, held at a furnace atmosphere temperature of 650 lo 720°C for 
15 to 90 minutes, and then allowed to cool. 

[0033] The rough-hot-roliing temperature is specified to 850 to less than 1 ,000°C, because If the temperature Is less 
10 than 850°C, the rolling becomes difficult in view of load of a rolling mill, whereas If it Is 1 ,000°C or more, the austenlte 

crystal grains become coarse and a steel having a ferrite grain size of No. 1 1 or more after the rolling cannot be obtained. 

If the finish-rolling temperature exceeds 1,000°C, asteel having a ferrite grain size of No. 11 or more cannot be obtained. 

Therefore, in the present invention, the allowable upper limit temperature is specified to 1 ,000°C. on the other hand, 

if the finish-hot-rolling temperature is less than TOCC, rolling takes place in an austenite-ferrite dual phase zone and 
IS after the hot-rolling, a uniformly fine ferrite-pearlite structure cannot be obtained, in addition, it is not preferable that a 

partial acicular ferrite-bainite structure Is formed. Therefore, the finish-hot-rolling is performed in a temperature range 

from700to 1,000»C. 

[0034] The steel is cooled at a cooling rate of 0.1 "C/sec or more to complete the ferrite-pearlite transfomiation. This 
Is specified because, if the cooling rate deviates from the range of 0.1°C/sec or more, transfomiation takes time and 

20 Industrial production is Impossible. The cooling rate is preferably from 0.1 to 50°C/sec. Also, after the finish-hot-rolling, 
the temperature Is set to 550 to 650°C to complete the ferrite-pearlite transformation. If the steel temperature at the 
finish of pearllte transformation is less than 550°C, the steel Inside a coil, which temperature is difficult to elevate by 
the subsequent heating, tal<es a long time (90 minutes or more) to reach a temperature range of 650°C or more and 
this incurs serious reduction of productivity and an increase in cost Furthermore, if the steei is cooled to less than 

25 550°C, a hard bainite stmcture is produced in some steels. Therefore, the lower limit of temperature is specified to 
550°C. On the other hand, if the steel temperature exceeds 650°C at the finish of pearllte transfonmation, a long time 
is necessary until the completion of pearlite transfomiation and this causes reduction of productivity, a useless increase 
in the length of a cooling line and elevation of equipment cost and is not profitable. Therefore, the upper limit of tem- 
perature is specified to 650°C. 

30 [0035] After the completion of f emte-pearlite transfomiation, the heating temperature and heating time are specified 
as from 650 to 720°C and from 15 to 90 minutes, respectively This is because If the temperature Is less than 650°C, 
granulation of cementite and increase of ferrite partial ratio cannot be achieved and, as a result, softening and high 
reduction of area cannot be obtained. On the other hand, if the temperature exceeds 720°C, a part of the ferrite-pearilte 
structure Is again austenitlzed and the strength is elevated by the subsequent step of allowing the steel to cool. There- 

3S fore, the heating temperature is specified as from 650 to 720°C. Furthermore, it the heating time is less than 1 5 minutes, 
the temperature is not sufficiently elevated inside the coil and desired softening and reduction of area cannot be at- 
tained. Therefore, the heating time is specified as 15 minutes or more. On the other hand, if the heating time exceeds 
90 minutes, this disadvantageously incurs a serious reduction in productivity in view of equipment and, in turn, an 
increase costj^he^^re, the heating time is specified as 90 minutes or less. 

■to [0036] As^^rtsuit|^^?Si wire orrbd where^^«microstructure of steel is composed of ferrite and pearlite , the f emte 
crystal grain size Is No. 11 or more as defined in JIS G 0552, a granular carbide having an equivalent-circle diameter 
of 2 urn or less and an aspect ratio of 3 or less is contained In an area ratio of 5 to 40% and the steel has a tensile 
strength TS (MPa) S 573 x Ceq + 257 and a reduction of area RA (%) S -23 x Ceq + 75 (wherein Ceq = C + SI/7 + 
Mn/5 + Cr/9 *■ Mo/2), can be obtained. 

45 

EXAMPLES 

[0037] The present invention is described in greater detail below by referring to Examples. 

[0038] Chemical components of each sample steel are shown In Table 1 . All of the sample steels were produced by 

so continuous casting process after a converter process. Each sample steel was hot-rolled into a billet of 1 62 mm square 
and then hot-rolled into a steel wire having a diameter of 1 1 mm under the rolling conditions shown in Table 2. In the 
rolling level (1) according to the method of the present invention, the steel wire rods and bars were rough-hot-rolled at 
950°C, finish-rolled at 900°C, falling in the temperature range from 700 to 1 ,000°C, taken up into a ring form, imme- 
diately dipped in a boiling water tank, thereby cooled to 600°C, which falls in the temperature range from 550 to esO'C, 

55 and then immediately fonned Into a coll form. The coll was heated at 700°C for 30 minutes while moving it in a furnace 
and then allowed to cool outside the furnace. In the comparative level (2), steel wires shown by the numbers (2, 11 
and 20) In Table 3 were obtained In the same manner as in the rolling level (1 ) according to the method of the present 
invention except that the steel billet was rough-hot-roiied at 1 ,050°C which is higher than the temperature range from 
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850 toLOOO-C. 

[0039] In the comparative level (3), steel wires shown by the numbers (3, 12 and 21 ) in Table 3 were obtained in the 
same manner as in the rolling level (1) according to the method of the present invention except that the steel wires 
were finish-rolled at 1 ,050°C which is higher than the temperature range from 700 to 1 ,000°C. In the comparative level 

(4) , steel wires shown by the numbers (4, 13 and 22) in Table 3 were obtained in the same manner as in the rolling 
level (1) according to the method of the present invention except that the steel wires were cooled to a cooling final 
temperature of 660°C which is higher than the temperature range from 550 to 650°C. in the comparative levels (5) 
and (6), steel wires shown by the numbers (5, 6, 14, 15, 23 and 24) in Table 3 were obtained in the same manner as 
in the rolling level (1 ) according to the method of the present invention except that the coil was heated at a furnace 
atmosphere temperature of BO0°C which is lower than the temperature range from 650 to 720°C (comparative level 

(5) ) or at a furnace atmosphere temperature of 730°C which is higher than the temperature range from 650 to 720°C 
(comparative level (6)). 

[0040] In the comparative level (7), steel wires shown by the numbers (7, 16 and 25) in Table 3 were obtained in the 
same manner as in the rolling level (1) according to the method of the present invention except that the coil was held 
for 10 minutes which is shorter than the range from 15 to 90 minutes. In the comparative level (8), the steel strip was 
rough-hot-rolled at QOO'C and finish-hot-rolled at 750°C, the subsequent cooling was adjusted by spreading a slow 
cooling cover on a transportation line and placing the taken-up coil in a slow cooling furnace, and then the coil was 
allowed to cool, thereby obtaining steel wires shown by the numbers (8, 17 and 26) in Table 3. In the comparative level 
(9), the steel billet was rough-hot-rolled at 1 ,000°C and finish-hot-rolied at 900°C, the subsequent cooling was adjusted 
by spreading a slow cooling cover on the coil transportation line, and then the coil was allowed to cool. The coil after 
the cooling was further subjected to softening annealing under the conditions that the coil was kept at 700°C for 4 
hours and then allowed to cool, whereby steel wires shown by the numbers (9, 18 and 27) in Table 3 were obtained. 
[0041] From each finished steel wire, a JIS No. 2 tensile test specimen and a cold compression test specimen of 1 0 
(|imm (diameter) x 1 5 mm (length) were prepared and by perfonning a tensile test and a both ends-restraining cold 
compression test, the tensile strength, the reduction of area and the critical compressibility were determined. Further- 
more, as the characteristic features in view of structure, the microstructure, the ferrite partial ratio, the number of fenite 
grain size and the area ratio of granular carbide are shown in Table 3 for the comparison between the present invention 
and comparative example. As apparent from these, Nos. 1 , 1 0 and 19 of the present Invention have a higher reduction 
of area and a higher critical compressibility than those in Nos. 8, 17 and 26 of Comparative Example. Also, it was 
confirmed that the softening, the reduction of area and the critical compression of the steel of the present invention 
each reaches a level equal to or higher than those of the steel subjected to rolling and softening annealing of Nos. 9, 
1 8 and 27 of Comparative Example. 
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INDUSTRIAL APPLICABILITY 



[0042] The hot-rolled steel wire rods and bars for machine structural use of the present invention are, in the as-hot- 
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rolled state, softened and have a high reduction of area without passing through softening annealing and the softness, 
reduction of area and critical compressibility thereof are equal to or higher than those of conventional steel wire rods 
and bars subjected to softening annealing. Accordingly, it is not necessary to apply softening annealing before cold 
working as in conventional cases, so that improvements in productivity and in energy saving can be achieved and an 
effect of greatly elongating the life of metal mold used for cold working can be provided. 



Hot-rolled steel wire rods and bars usable for machine structural use without annealing, comprising in terms of 

mass%, 

C: 0.1 to 0.5%, 
SI: 0.01 to 0.5%, 
Mn: 0.3 to 1.5% 

and the balance of Fe and unavoidable impurities, wherein the microstructure of steel is composed of ferrite and 
pearlite, the fen-ite grain size is No. 11 or more as defined in JIS G 0552, a granular carbide having an equivalent- 
circle diameter of 2 )im or less and an aspect ratio of 3 or less is contained in an area ratio of 5 to 40%, and the 
steel has a tensile strength and a reduction of area specified by the following fomnulae (1 ) and (2), respectively: 

TS s 573 X Ceq + 257 (1) 
RA a -23 X Ceq + 75 (2) 



Ceq = C + Si/7 + Mn/5 + Cr/9 + Mq/2 (mass%) 
TS: tensile strength (MPa) 
RA: reduction of area (%). 



Cr: 0.2 to 2.0%, 
Mo: 0.1 to 1 .0%, 
Ni: 0.3 to 1.5%, 
Cu: 1.0% or less, and 
B: 0.005% or less. 

3. The hot-rolled steel wire rods and bars for machine structural use as claimed in claim 1 or 2, which further comprise 
one or more of, in tenns of mass%, 

Ti: 0.005 to 0.04%, 
Nb: 0.005 to 0.1%, and 
V: 0.03 to 0.3%. 

4. A method for producing hot-rolled steel wire rods and bars usable for machine structural use without annealing, 
comprising rough-hot-rolling a steel having steel components claimed in any one of claims 1 to 3 at a temperature 
of 850 to 1 ,000°C, finish-hot-rolling the rough-hot-roiled steel at a temperature of 700 to 1 ,000°C, cooling the finish- 
hol-rolled steel to a temperature of 550 to 650°C at a cooling rate of 0.1°C/sec or more, then immediately holding 
the steel at a furnace atmosphere temperature of 650 to 720''C for 15 to 90 minutes, and then allowing it to cool. 

5. Hot-rolled steel wire rods and bars for machine structural use, having a microstructure composed of ferrite and 
pearlite, containing a granular carbide having an equivalent-circle diameter of 2 (xm or less and an aspect ratio of 
3 or less in an area ratio of 5 to 40%, and having a tensile strength and a reduction o1 area specified by the following 



f opied from 1 1 5'M)^ :^4 on ()4/24/2()<)7 



EP 1 281 782 A1 



formulae (1 ) and (2), respectively, the ferrlte having a grain size of No. 11 or more as defined in JIS G 0552: 



Ceq = C + Si/7 + Mn/5 + Cr/9 + Mo/2 |mass%) 
TS: tensile strength (Mpa) 
RA: reduction of at'ea (%). 

A method for producing hot-rolled steel wire rods and bars usable for machine structural use without annealing, 
comprising rough-hot-rolling a steel having steel components claimed In any one of claims 1 to 3 at a temperature 
of 700 to 1 ,200'>C , finish-hot-rolling the rough-hot-rolled steel at a temperature of 700 to 1 ,000°C, cooling the finish- 
hot-rolled steel to a temperature of 200 to 650°C at a cooling rate of 0.1 °C/sec or more, then immediately holding 
the steel at a furnace atmosphere temperature of 600 to 850°C for 15 to 240 minutes, and then allowing It to cool. 

A method for producing hot-rolled steel wire rods and bars for machine stmctural use, comprising rough-hot-rolling 
-a steel at a temperature of 700 to 1 ,200°C, finish-hot-rolling the rough-hot-rolled steel at a temperature of 700 to 
1 .OOCC, cooling the finish-hot-rolled steel to a temperature of 200 to 650°C at a cooling rate of 0.1 "C/sec or more, 
then immediately holding the steel at a furnace atmosphere temperature of 600 to 85b°C for 15 to 240 minutes, 
and then allowing it to cool. 

A method for producing hot-rolled steel wire rods and bars for machine structural use, coniprising rough-hot-rolling 
a steel at a temperature of 850 to 1 ,000°C, finish-hot-rolling the rough-hot-rolled steel at a temperature of 700 to 
1 ,000°C, cooling the finish-hot-rolled steel to a temperature of 550 to 650°C at a cooling rate of 0.1 °C/sec or more, 
then immediately holding the steel at a furnace atmosphere temperature of 650 to 720°C for 15 to 90 minutes, 
and then allowing it to cool. 

Hot-rolled steel wire rods and bars for machine structural use, having a tensile strength and a reduction of area 
specified by the following fomriulae (1 ) and (2), respectively: 



TS £ 573 X Ceq + 257 



(1) 



RA g -23 X Ceq + 75 



(2) 



wherein 



TS s 573 X Ceq + 257 



(1) 



RA s -23 X Ceq + 75 



(2) 



wherein 



Ceq = C + SI/7 + Mn/5 + Cr/9 + Mo/2 (mass%) 
TS: tensile strength (Mpa) 
RA: reduction of area (%). 
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Fig. 2(a) 




Fig.2(b) 
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